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Executive Summary
Background

The Upper Clinch River watershed is located in Tazewell County, Virginia, in the Tennessee/Big
Sandy River Basin (USGS Hydrologic Unit Code, 06010205) (Figure 1.1). The waterbody
identification code (WBID, Virginia Hydrologic Unit) is VAS-PO1R.

Virginia 305(b)/303(d) guidance states that support of the aquatic life beneficial use is determined
by the assessment of conventional pollutants (dissolved oxygen, pH, and temperature); toxic
pollutants in the water column, fish tissue and sediments; and biological evaluation of benthic
community data (VADEQ 1997). Benthic community assessments are, therefore, used to determine
compliance with the General Criteria section of Virginia’s Water Quality Standards (9 VAC 25-260-
20). In general, the stream reach that a biomonitoring station represents is classified as impaired if
the EPA’s Rapid Bioassessment Protocol (RBP) ranking is either moderately or severely impaired.
As aresult, the Upper Clinch River was listed as impaired due to violations of the general standard
(aquatic life).

Water quality data analyses and field observations indicate that the primary cause of the benthic
community impairment in the Upper Clinch River is increased amounts of sediment. In order to
improve water quality conditions that have resulted in benthic community impairments, a Total
Maximum Daily Load (TMDL) was developed for the impaired stream, taking into account all
sources of sediment in the watershed, plus a margin of safety (MOS).

Upon implementation, the TMDL will ensure that water quality conditions relating to benthic
impairment will meet the allowable loadings estimated by use of a reference watershed (a non-
impaired watershed with characteristics similar to those of the impaired watersheds).

Sources of Sediment

Sediment sources can be divided into point and non point sources. There are currently five permitted
facilities in the Upper Clinch River watershed (Table 1).

March 2004 v



Benthic TMDL Development for Upper Clinch River

Table 1. VPDES permitted facilities in the Upper Clinch River watershed

. Permitted | TSS Load

Stream Facility Name VPDES Discharge Design Flow (MGD)| Concentration| (metric
Permit No.| Type

(mg/L) tons/year)
Mundy Branch, UT |Glenrae I Mobile Home Park STP [ VA0065676] Municipal 0.4850 60 0.4021
Clinch River Tazewell WWTP VA0026298| Municipal 2.0000 30 82.9005
Clinch River Greater Tazewell Area Reg WTP | VA0053465 Municipal | 0.0250 (total flow) 60 2.6200
Clinch River, UT  |Tazewell County Landfill* VARO051267| Stormwater 0.4639 100** 7.7427
Mundy Branch, UT |[Bannies Wash Bays VAG750017] General 0.0010 30 0.0634

*Permitted load for this facility was calculated as the average annual modeled runoff times the area governed by the
permit times a maximum TSS concentration of 100 mg/L. Flow was based on the average annual runoff from urban
lands.

**No limit was specified in the permit; threshold value was used.

Sediment loads are primarily contributed by nonpoint sources in the Upper Clinch River watershed.
The major source of sediment is agricultural land. Agricultural lands can contribute excessive
sediment loads through erosion and build-up/washoff processes. Agricultural lands are particularly
susceptible to erosion due to less vegetative coverage. Streambank erosion has also been noted as
a potential source of sediment in these watersheds.

Modeling

TMDLs were developed using BasinSim 1.0 and the GWLF model. GWLF is a continuous-
simulation model that uses daily time steps for weather data and water balance calculations.
Monthly calculations are made for sediment, based on daily water balance totals that are summed
to give monthly values.

Daily streamflow data are needed to calibrate watershed hydrologic parameters in the GWLF model.
The USGS streamflow gage (003524000), located on Clinch River at Cleveland, VA, was used to
calibrate hydrology for the impaired watershed (Upper Clinch River) and USGS streamflow gage
03173000, located on Walker Creek at Bane, VA, was used to calibrate hydrology for the reference
watershed. Flow data were available from these gages for the calibration periods: April 1, 1991 -
September 30, 2002 (impaired) and April 1, 1981 through May 31, 1999 (reference). The calibration
period covered a range of hydrologic conditions, including low- and high-flow conditions as well
as seasonal variations. The calibrated GWLF model adequately simulated the hydrology of the
impaired watershed.

TMDL development requires the identification of impairment causes and the establishment of
numeric endpoints that will allow for the attainment of designated uses and water quality criteria.
Numeric endpoints represent the water quality goals that are to be achieved by implementing the load
reductions specified in the TMDL. Virginia does not currently have numeric criteria for nutrients
(i.e., total phosphorus and total nitrogen), sediment, and other parameters that may be contributing
to the impaired condition of the benthic community in these streams. Therefore, a reference
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watershed approach was used to determine the primary benthic community stressors and to establish
numeric endpoints for these stressors. This approach is based on selecting a non-impaired watershed
that shares similar land use, ecoregion, and geomorphological characteristics with the impaired
watershed. Stream conditions in the reference watershed are assumed to be representative of the
conditions needed for the impaired stream to attain its designated uses. Walker Creek was chosen
as the reference watershed and any reductions of sediment from the impaired waterbody were based
on the reference load of sediment in the Walker Creek watershed.

Existing Conditions

Impaired and reference watershed models were calibrated for hydrology using different modeling
periods and weather input files. To establish baseline (reference watershed) loadings for sediment
the GWLF model for Walker Creek was used. For TMDL calculation, both the calibrated reference
and calibrated impaired watersheds were modeled for an eight-year period from 4/1/1991 to
3/31/1999. This was done to standardize the modeling period. In addition, the total area for the
reference watershed was reduced to be equal to its paired target watershed. This was necessary
because watershed size influences sediment delivery to the stream and other model variables.

The annual average loads for pollutants of concern were determined for each land use/source
category in the reference and the impaired watershed. This modeling period was used, after
calibration, to represent a broad range of recent weather and hydrologic conditions.

Margin of Safety

While developing allocation scenarios for the TMDL, an explicit margin of safety (MOS) of ten
percent was used. Ten percent of the reference sediment load was calculated and added to the sum
of the load allocation (LA) and waste load allocation (WLA) to produce the TMDL. It is assumed
that a MOS of 10% will account for any uncertainty in the data and the computational methodology
used for the analysis, as well as provide an additional level of protection for designated uses.

Allocation Scenarios

Load or waste load allocations were assigned to each source category in the watersheds. Several
allocation scenarios were developed for the Upper Clinch River watershed to examine the outcome
of various load reduction combinations. The recommended scenario for the Upper Clinch River
(Table 2) is based on maintaining the existing percent load contribution from each source category.
Two additional scenarios are presented for comparison purposes (Table 3). Load reductions from
agricultural sources are minimized in the first alternative and reductions from urban lands are
minimized in the second alternative. The recommended scenario balances the reductions from
agricultural and urban sources by maintaining existing watershed loading characteristics. In each
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scenario, loadings from certain source categories were allocated according to their existing loads.
Forinstance, sediment loads from forest lands represent the natural condition that would be expected
to exist; therefore, the loading from forest lands was not reduced. Also, sediment loads from point
sources were not reduced because these facilities are currently meeting their pollutant discharge
limits and other permit requirements and because these loads were insignificant as compared with
other sources. Current permit requirements are expected to result in attainment of the WLAs as
required by the TMDL. Point source contributions, even in terms of maximum flow, are minimal,
therefore, no reasonable potential exists for these facilities to have a negative impact on water quality
and there is no reason to modify the existing permits. Note that the sediment WLA values presented
in the following tables represent the sum of all point source WLASs, minus in-stream transport loss.

Table 2. Recommended sediment allocations for Upper Clinch River

Source Category Sediment Load Allocation (Ibs/yr) Sediment % Reduction
Forest 223,395 0%
Water 0 0%
Pasture/Hay 5,134,583 56%
Cropland 978,662 55%
Barren/Transitional/Quarries 60,385 55%
Urban (includes pervious & impervious) 217,590 55%
Groundwater 0 0%

Total = 206,636

Glenrae Mobile Home = 886
Point Sources (WLA) Tazewell WWTP = 182,764 0%
Greater Tazewell Area Reg WTP = 5,776
Tazewell County Landfill = 17,070
Bannies Wash Bays = 140

TMDL Load (minus MOS) 6,821,251 54%

Table 3. Alternative sediment allocations for Upper Clinch River

Source Category Minimize Agricultural Minimize Urban
Reductions Reductions
Forest 0.0% 0.0%
Water 0.0% 0.0%
Pasture/Hay 54.0% 59.0%
Cropland 54.0% 54.0%
Barren/Transitional/Quarries 90.0% 0.0%
Urban (includes pervious & impervious) 95.0% 0.0%
Groundwater 0.0% 0.0%
Point Sources (WLA) 0.0% 0.0%

The TMDLs established for these streams consist of a point source waste load allocation (WLA),
a nonpoint source load allocation (LA), and a margin of safety (MOS). The sediment TMDLs were
based on the total load calculated for the Walker Creek watershed (area adjusted to the appropriate
watershed size).
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The TMDL equation is as follows:

TMDL = WLA + LA + MOS

The WLA portion of this equation is the total loading assigned to point sources. The LA portion
represents the loading assigned to nonpoint sources. The MOS is the portion of loading reserved to
account for any uncertainty in the data and the computational methodology used for the analysis.

TMDLs were calculated by adding reference watershed loads for sediment together with point source
loads to give the TMDL value (Table 4).

Table 4. TMDL for Upper Clinch River

TMDL LA Overall %
(Ibs/yr) (Ibs/yr) WLA (Ibs/yr) MOS (Ibs/yr) Reduction
Total = 206,636
Glenrae Mobile Home = 886
7,580,309 | 6,614,615 Tazewell WWTP = 182,764 759,058 54.2%
Greater Tazewell Area Reg WTP = 5,776
Tazewell County Landfill = 17,070
Bannies Wash Bays = 140
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SECTION 1

INTRODUCTION

1.1 Background
1.1.1 TMDL Definition and Regulatory Information

Section 303(d) of the Clean Water Act and EPA’s Water Quality Planning and Management
Regulations (40 CFR Part 130) require states to develop Total Maximum Daily Loads (TMDLs) for
waterbodies that are exceeding water quality standards. TMDLs represent the total pollutant loading
that a waterbody can receive without violating water quality standards. The TMDL process
establishes the allowable loadings of pollutants or other quantifiable parameters for a waterbody
based on the relationship between pollution sources and in-stream water quality conditions. By
following the TMDL process, states can establish water quality based controls to reduce pollution
from both point and nonpoint sources to restore and maintain the quality of their water resources
(USEPA 1991).

1.1.2 Impairment Listing

The Upper Clinch River is listed as impaired on Virginia’s Section 303(d) Total Maximum Daily
Load Priority List and Report for violations of the General Standard (Benthics) (VADEQ 1998 &
2002b). The Upper Clinch River was placed on Virginia's Section 303(d) list in 1998 for partial
support of the Aquatic Life Use due to the results of biological monitoring efforts conducted by
VADEQ at biomonitoring station 6BCLN346.80 in May 1995 and June 1997. The biologist
involved in the 1997 effort noted that the habitat was impacted due to heavy siltation. The impaired
segment is 5.5 miles in length and extends from the Upper Clinch River confluence with
Lincolnshire Branch downstream to its confluence with Plum Creek.

1.1.3 Watershed Location
The Upper Clinch River watershed is located in Tazewell County, Virginia, in the Tennessee/Big

Sandy River Basin (USGS Hydrologic Unit Code, 06010205) (Figure 1.1). The waterbody
identification code (WBID, Virginia Hydrologic Unit) is VAS-PO1R.
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Figure 1.1 Location of impaired watershed

1.2 Designated Uses and Applicable Water Quality Standards

According to Virginia Water Quality Standards (9 VAC 25-260-5), the term “Water quality
standards” means provisions of state or federal law which consist of a designated use or uses for the
waters of the Commonwealth and water quality criteria for such waters based upon such uses.
Water quality standards are to protect the public health or welfare, enhance the quality of water and
serve the purposes of the State Water Control Law (§ 62.1-44.2 et seq. of the Code of Virginia) and
the federal Clean Water Act (33 USC § 1251 et seq.).

1.2.1 Designation of Uses (9 VAC 25-260-10)
A. All state waters are designated for the following uses: recreational uses (e.g., swimming and

boating), the propagation and growth of a balanced indigenous population of aquatic life, including
game fish, which might reasonably be expected to inhabit them,; wildlife; and the production of
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edible and marketable natural resources (e.g., fish and shellfish).

The Upper Clinch River does not support the aquatic life designated use due to violations of the
general (benthic) criteria (see Section 1.2.2).

1.2.2 Water Quality Standards

General Criteria (9 VAC 25-260-20)

A. All state waters, including wetlands, shall be free from substances attributable to sewage,
industrial waste, or other waste in concentrations, amounts, or combinations which contravene
established standards or interfere directly or indirectly with designated uses of such water or which
are inimical or harmful to human, animal, plant, or aquatic life.

Specific substances to be controlled include, but are not limited to: floating debris, oil scum, and
other floating materials; toxic substances (including those which bioaccumulate), substances that
produce color, tastes, turbidity, odors, or settle to form sludge deposits; and substances which
nourish undesirable or nuisance aquatic plant life. Effluents which tend to raise the temperature
of the receiving water will also be controlled.

1.3 Biomonitoring and Assessment

Direct investigations of biological communities using rapid bioassessment protocols, or other
biosurvey techniques, are best used for detecting aquatic life impairments and assessing their relative
severity (Plafkin et al. 1989). Biological communities reflect overall ecological integrity; therefore,
biosurvey results directly assess the status of a waterbody relative to the primary goal of the Clean
Water Act. Biological communities integrate the effects of different pollutant stressors and thus
provide a holistic measure of their aggregate impact. Communities also integrate the stresses over
time and provide an ecological measure of fluctuating environmental conditions.

Many state water quality agencies use benthic macroinvertebrate community data to assess the
biological condition of a waterbody. Virginia uses EPA’s Rapid Bioassessment Protocol (RBP II)
to determine the status of a stream’s benthic macroinvertebrate community. This procedure relies
on comparisons of the benthic macroinvertebrate community between a monitoring station and its
designated reference site. Measurements of the benthic community, called metrics, are used to
identify differences between monitored and reference stations. Metrics used in the RBP II protocol
include taxarichness, percent contribution of dominant family, and other measurements that provide
information on the abundance of pollution tolerant versus pollution intolerant organisms.
Biomonitoring stations are typically sampled in the spring and fall of each year. The biological
condition scoring criteria and the bioassessment matrix are discussed in the technical document,
Rapid Bioassessment Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish
(Platkin et al. 1989). The RBPII bioassessment scoring matrix is presented in Table 1.1.
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Table 1.1 Bioassessment scoring matrix (Plafkin et al. 1989)

% Compare to
Reference Score (a)

Biological Condition
Category

Attributes

>83% Non-Impaired Optimum community structure (composition and dominance).
54 -79%% Slightly Impaired Lower species richness due to loss of some intolerant forms.
21 -50% Moderately Impaired Fewer species due to loss of most intolerant forms.

“17% Severely Impaired Few species present. Dominant by one or two taxa. Only

tolerant organisms present.

correct placement.

(a) Percentage values obtained that are intermediate to the above ranges require subjective judgement as to the

Virginia 305(b)/303(d) guidance states that support of the aquatic life beneficial use is determined
by the assessment of conventional pollutants (dissolved oxygen, pH, and temperature); toxic
pollutants in the water column, fish tissue and sediments; and biological evaluation of benthic
community data (VADEQ 1997). Benthic community assessments are, therefore, used to determine
compliance with the General Criteria section of Virginia’s Water Quality Standards (9 VAC 25-260-
20). In general, the stream reach that a biomonitoring station represents is classified as impaired if
the RBP ranking is either moderately or severely impaired. As a result, the Upper Clinch River was
listed as impaired due to violations of the general standard (aquatic life).

1-4
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SECTION 2

BENTHIC TMDL ENDPOINT DETERMINATION

2.1 Reference Watershed Approach

Biological communities respond to any number of environmental stressors, including physical
impacts and changes in water and sediment chemistry. According to Virginia’s 2002 303(d) list, the
probable cause of benthic impairment was attributed to siltation from urban and agricultural non-
point sources.

TMDL development requires the identification of impairment causes and the establishment of
numeric endpoints that will allow for the attainment of designated uses and water quality criteria.
Numeric endpoints represent the water quality goals that are to be achieved by implementing the load
reductions specified in the TMDL. Virginia does not currently have numeric criteria for nutrients
(i.e., total phosphorus and total nitrogen), sediment, and other parameters that may be contributing
to the impaired condition of the benthic community in this stream. A reference watershed approach
was, therefore, used to determine the primary benthic community stressors and to establish numeric
endpoints for these stressors. This approach is based on selecting non-impaired watersheds that
share similar land use, ecoregion, and geomorphological characteristics with the impaired watershed.
Stream conditions in the reference watershed are assumed to be representative of the conditions
needed for the impaired stream to attain its designated uses. The Virginia Stream Condition Index
(VaSCI) was used to define differences in the benthic communities in impaired and reference
streams (USEPA, 2003). Loading rates for pollutants of concern are determined for impaired and
reference watersheds through modeling studies. Both point and nonpoint sources are considered in
the analysis of pollutant sources and in watershed modeling. Numeric endpoints are based on
reference watershed loadings for pollutants of concern and load reductions necessary to meet these
endpoints are determined. TMDL load allocation scenarios are then developed based on an analysis
of the degree to which contributing sources can be reasonably reduced.

2.2 Watershed Characterization

2.2.1 General Information

The Upper Clinch River watershed is located in Tazewell County, Virginia, in the Tennessee/Big
Sandy River Basin (USGS Hydrologic Unit Code, 06010205) (Figure 1.1). The watershed is located
in the middle of Tazewell County, approximately 2 miles south of the Virginia/West Virginia state
line. The waterbody identification code (WBID, Virginia Hydrologic Unit) is VAS-POIR. The
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impaired stream length is approximately 5.5 miles and extends from the Upper Clinch River
confluence with Lincolnshire Branch downstream to its confluence with Plum Creek. The Upper
Clinch River watershed is approximately 30,611 acres.

2.2.2 Geology

The Upper Clinch River is located in the transitional Appalachian Plateau to Valley and Ridge
physiographic province.

The Valley and Ridge physiographic province is characterized by elongate parallel ridges and valleys
that are underlain by folded Paleozoic sedimentary rock. This topography is the result of the
continuous differential weathering of linear belts of rocks that have been repeatedly exposed and
covered by folding and faulting. Cambrian clastic sediments of the western Blue Ridge are overlain
by carbonates that made up the Great American Bank. Today these carbonates (up to 3.5 km in
thickness) are exposed in the Great Valley. Well-developed karst topography is characteristic of the
Great Valley and many caverns are located on the subsurface.

The Appalachian Plateau lies to the northwest of the Valley and Ridge province. The boundary
between the two provinces is a transition from the tight folds of the Valley and Ridge to low-
amplitude folds and flat-lying rocks in the Plateau. Although some parts of the Plateau exhibit a low
relief plateau-like morphology, much of the Appalachian Plateau is strongly dissected by stream
erosion and the topography is rugged. Regional scale folds in the Plateau formed in response to
shortening on thrust faults that do not reach the surface and are rooted to the east in the Valley and
ridge province. The upper Paleozoic strata of the Plateau are rich in mineral resources such as coal,
natural gas, and petroleum.

2.23 Soils

Soils data were obtained from the State Soil Geographic (STATSGO) database which includes
general soils data and map unit delineations for the United States. GIS coverages provide accurate
locations for the soil map units (MUIDs) at a scale of 1:250,000 (NRCS, 1994). A map unit is
composed of several soil series having similar properties. STATSGO map units that cover a portion
of the Upper Clinch River watershed are shown in Figure 2.1. The predominant map unit in this
watershed is VA003. Also present are STATSGO map units VA0O1, VA00S5, VA047, and VAO76.
The following soil description is based on NRCS Official Soil Descriptions (1998-2002).

STATSGO map unit - VA003 is composed of the following soil series, in order of dominance:
Frederick, Carbo, Timberville, Poynor, Chilhowie, Laidig, and Sindion. The Frederick series
accounts for 66% of the map unit. The Frederick series consists of very deep, well-drained soils
formed in residuum derived mainly from dolomitic limestone with interbeds of sandstone, siltstone,
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and shale. They are located on nearly level to very steep uplands. Permeability is moderate. Slopes
range from 0 to 60%. Hydrologic soil group - B.

STATSGO Soil Type

Legend:

[] Upper Clinch River Watershed
STATSGO Soil Type (Map Unit)

[ ] VA0O1

[ vA003

[ vA005

[ | vA047

[ | vAO76

Impaired
Watershed

Figure 2.1 STATSGO soil types for the Upper Clinch River watershed

2.24 Climate

The area’s climate is typical of other transitional Appalachian Plateau to Valley and Ridge areas in
Virginia. Weather data for this watershed can be characterized using the Grundy meteorological
station (NCDC), which is located approximately 29 miles west-northwest of the watershed (period
of record: 1948-2003). The growing season lasts from April 20 through October 24 in a typical year
(SERCC 2003). Average annual precipitation is 44.25 inches with July having the highest average
precipitation (4.92 inches). Average annual snowfall is 17.5 inches, most of which occurs in January
and February. The average annual maximum and minimum daily temperature is 68.5°F and 42.7°F,
respectively. The highest monthly temperatures are recorded in August (86.4°F - avg. maximum)
and the lowest temperatures are recorded in January (22.3°F - avg. minimum).
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2.2.5 Land Use

General land use/land cover data for the Upper Clinch River watershed was extracted from the
Multi-Resolution Land Characterization (MRLC) database for the state of Virginia (MRLC, 1992)
and is shown in Figure 2.2. This database was derived from satellite imagery taken during the early
1990s and is the most current detailed land use data available. Land uses in the watershed include
various urban, agricultural, and forest categories (Table 2.1 and Figure 2.2). Over 50% of the
watershed is forested, while approximately 45% of the watershed is used for agricultural purposes.
Urban lands account for only about 4% of the watershed. Individual land use types were
consolidated into six broader categories that had similar erosion/pollutant transport attributes for
modeling.

Table 2.1 MRLC and consolidated land uses in the Upper Clinch River watershed

MRLC Land Use Area (acres)| Percent [ Consolidated Land Use | Area (acres)|Percent

Woody Wetlands 15.8 0.05%

Emergent Herbaceous Wetlands 16.6 0.05%

Deciduous Forest 12,626.5 41.25%  |Forest 15,8577 | 51.80%
Evergreen Forest 589.1 1.92%

Mixed Forest 2,609.7 8.53%

Open Water 74.6 0.24% Water 74.6 0.24%
Pasture/Hay 12,538.8 40.96% |Pasture/Hay 12,538.8 | 40.96%
Row Crops 992.9 3.24% Cropland 992.9 3.24%
Transitional 38.3 0.13% Transitional 38.3 0.13%
High Intensity Residential 2.2 0.01%

High In.tensny Commer.mal/ 166.1 0.54%

Industrial/ Transportation

Low Intensity Residential 695.1 2.27%

High Intensity Residential - 15 0.00%  |Urban (pervious &

impervious ) ) 1,108.3 3.62%

5 - - impervious)

pOW In'tensr[y Residential - 773 0.25%

impervious

High Intensity Commercial/

Industrial/ Transportation - 166.1 0.54%

impervious

Total 30,611 100% Total 30,611 100%
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MRLC Land Use

Legend:

[ Upper Clinch River Watershed
Land Use Type

Il Open Water

] Low Intensity Residential

Il High Intensity Residential
Il Commercial/Industrial/Transportation
Il Transitional

Il Deciduous Forest

Il Evergreen Forest

I Mixed Forest

[ | Pasture/Hay

[ ] Row Crops
[ ] Woody Wetlands
[ ] Emergent Wetlands

Impaired
Watershed

Figure 2.2 MRLC land use in the Upper Clinch River watershed

2.2.6 Ecoregion

The Upper Clinch River watershed is located in the transitional Central Appalachians to Central
Appalachian Ridges and Valleys ecoregion - Level Il classifications 69 and 67 respectively (Woods
et al. 1999).

The Central Appalachian ecoregion, stretching from central Pennsylvania to northern Tennessee, is
primarily a high, dissected, rugged plateau composed of sandstone, shale, conglomerate, and coal.
The rugged terrain, cool climate, and infertile soils limit agriculture, resulting in a mostly forested
land cover. The high hills and low mountains are covered by a mixed mesophytic forest with areas
of Appalachian oak and northern hardwood forest.

The Central Appalachian Ridges and Valley is a northeast-southwest trending, relatively low-lying,
but diverse ecoregion, sandwiched between generally higher, more rugged mountainous regions with
greater forest cover. As a result of extreme folding and faulting events, the region’s roughly parallel
ridges and valleys have a variety of widths, heights, and geologic materials, including limestone,
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dolomite, shale, siltstone, sandstone, chert, mudstone, and marble. Springs and caves are relatively
numerous. Present-day forests cover about 50% of the region. The ecoregion has a diversity of
aquatic habitats and species of fish.

At a finer scale, the Upper Clinch River watershed is located in the Southern Limestone/Dolomite
Valleys, the Southern Sandstone Ridges and the Cumberland Mountains subecoregions - Level IV
classifications 67f, 67h, and 69d respectively (Woods et al. 1999) (Figure 2.3).

The Southern Limestone/Dolomite Valleys subecoregion is a lowland characterized by broad,
undulating, fertile valleys that are extensively farmed. Sinkholes, underground streams, and other
karst features have developed on the underlying limestone/dolomite, and as a result, the drainage
density is low. Where streams occur they tend to have gentle gradients, plentiful year round flow,
and distinctive fish assemblages. Ordovician and Cambrian limestone and dolomite commonly
underlie the region. Interbedded with the carbonates are other rocks, including shale. Crestal
elevations vary from 1,640 to 3,200 feet.

The Southern Sandstone Ridges subecoregion is composed of high, steep, forested ridges with
narrow crests. The ridge-forming strata are composed of folded, interbedded Paleozoic sandstone
and conglomerate. Other less resistant rocks, such as shale and siltstone, form the side slopes.
Today, extensive forest covers the region. Crestal elevations range from about 2,300 feet to 3,450
feet and local relief ranges from approximately 500 to 1,500 feet.

The Dissected Appalachian Plateau, or Cumberland Mountains, subecoregion is a strongly dissected
region with steep slopes, very narrow ridgetops, and extensive forests. It is primarily underlain by
flat-lying Pennsylvania sandstone, shale, and coal of the Pottsville Group. Typically crests range in
elevation from 1,200 feet to about 3,699 feet and are from 350 to 550 feet above narrow valleys.
Well-drained soils of low fertility have developed on the sedimentary rocks, which originally
supported mixed Mesophytic Forest (Kuchler, 1964). Today, commercial woodland is common in
the re